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Abstract 
The homogenisation is an important operation in the dairy product processes, characterised by disruption of fat 
globules and then, coalescence between fat droplets and adsorption of milk proteins (monomers, polymers and 
aggregates of proteins) and other surfactants on fat droplet surface. Moreover, the homogenisation has often an 
impact on the textural properties of the products. In the literature, there are some articles dealing with the modelling 
of the phenomena occurring during the homogenisation. The aim of this work is to express some properties of the 
texture of the product from the structure. However, the models existing in the literature characterise the structure at a 
too fine scale to be linked to the texture. Consequently, we attempt to implement a mathematical model able to 
describe the interface of fat droplets during homogenisation at a mesoscopic scale involving texture. The approach 
consists in coupling models for the formation of the interface of fat droplets with an expert model to obtain the 
texture of the product, leading to an integrated knowledge model. This paper focuses on the model of formation of 
interface of fat droplets, using a mechanistic approach built from literature, expert knowledge and measurements and 
the qualitative is performed. Afterwards, an expert model, non deterministic, will be built with the output of the 
mechanistic model and the expert knowledge.  
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1. Introduction 
A complex system is a system composed of a large number of interconnected entities and its study is 
interdisciplinary. Moreover, an influence between different scales can be observed and the modelling is 
necessary to understand it. The food products are complex systems because of the presence of different 
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scale phenomena or the interconnections between constituents. The aim of this work is then to develop 
methods of knowledge integration applied to food science. This paper focuses on milk gels which present 
interactions between their constituents (acid coagulation, connectivity between interface of fat droplets, 
…) and where there is an influence of the structure (nanoscopic, microscopic or mesoscopic scales) on the 
texture (macroscopic scale), and vice-versa.  
The homogenisation is one step of a dairy dessert process and consists in the disruption of fat globules. 
Then the coalescence between fat droplets and adsorption of milk proteins and other surfactants on fat 
droplets surface occur. In the literature, there are several mathematical models dealing with the adsorption 
of proteins at interface. The three most common methods are Molecular Dynamics, Monte Carlo and 
Brownian Dynamics simulations [1]. Some models make it possible to obtain the position of a particle 
and others simulate the number of adsorbed molecules at interface when equilibrium is reached [2, 3]. 
Moreover, Hakansson et al. [4] developed a model to describe the fragmentation, adsorption, coalescence 
and turbulence in a high pressure homogenizer.However, none of these approaches makes it possible to 
provide an explicit overview of the causal structure of associations between the formation of the fat 
droplet interface and the texture.
The objective of this work is the multiscale modelling of the structure and the texture of a dairy dessert 
including literature, expert knowledge and measurements which makes it possible to obtain product from 
its composition.  
The work presented in this paper focuses on the building of a mechanistic model describing the 
formation of fat droplet interface during the homogenisation. 
2. Materials & Methods 
In this work, a dairy dessert process is considered and is depicted in the Fig. 1.  
 
 
Fig. 1. Dairy dessert process 
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The process was composed of two main parts:  
1. Emulsion with milk proteins and fat, 
2. Aqueous phase with milk proteins, saccharose and gelling agents. 
These two parts were then mixed and cooled to obtain the dairy dessert.  
 
The continuous phase of the emulsion was formed by 50 mg/mL of milk proteins solubilised in 
permeate. These milk proteins were a mixture of caseins and whey proteins. This continuous phase was 
prepared the day before, waved at 4°C and then heated at 60°C before the emulsion. The dispersed phase 
of the emulsion was constituted of saturated fat; anhydrous milk fat (AMF) which was heated at 60°C to 
become liquid. These two phases were then homogenised to obtain the emulsion part. 
 
The aqueous phase can be considered as the texturisation phase and was constituted of milk proteins 
(caseins and whey proteins), saccharose, starch and carrageenan. This phase was heated at 90°C inducing 
the swelling of starch and solubilisation of carrageenan. The protein concentrations in the aqueous phase 
were fixed in a way to keep a constant final concentration of proteins in the dairy dessert.   
The work in this paper focuses on the emulsion part of this process. 
In this way, different emulsions were performed with four ratios of caseins/whey proteins: 80%/20%, 
42%/58%, 20%/80% and 5%/95%.  
The whole parameters of the process stayed unchanged. 
3. Results & Discussion 
3.1 Modelling 
The objective of the model was to obtain the mean composition of the interface of a fat droplet at the 
end of the homogenisation. The deterministic model described adsorption and competition of whey 
proteins and casein micelles for the colonisation of the interface.  
 
The following assumptions have been used:  
A1: It is considered that there is instantaneous creation of a total fat surface (including coalescence effect) 
which is «attacked » by casein micelles and whey proteins.  
A2: Fat droplets with same size are created.  
A3: The total fat surface is considered as a plane surface.  
A4: The solution is not limiting in proteins.  
A5: The formation of the interface is irreversible. 
A6: The proteins have the same capacity to adsorb if they are far or not, i.e., the distance between the 
proteins and the fat droplets is not taken into account. 
A7: The electrostatic repulsion is negligible 
 
For modelling, the adsorption of proteins can be represented as followed in the  
 
Fig. 2:  
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Fig. 2. Adsorption of a protein at the interface of fat 
 
When a whey protein adsorbs, there is denaturation, i.e. it unfolds along the fat surface.  
When a casein micelle adsorbs, it spreads. Moreover, the casein micelles being much larger than whey 
proteins, the whey proteins can adsorb on each side of the micelles (see 
 
Fig. 2 while other casein micelles cannot adsorb closed to casein micelles due to steric effects.  
Consequently, for the deterministic model, we consider 2 surfaces as showed in Fig. 3 :  
- Sfall which is the free fat surface available for both whey proteins and casein micelles,  
- Sfres which is the free fat surface let by the casein micelles, due to steric effects, for whey 
proteins.   
 
 
Fig. 3. Competition between casein micelles and whey proteins in adsorption process 
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Variables and parameters of the model are detailed in Table 1: 
Table 1. Description of variables and parameters 
Symbole Name Units 
mwp Mass of whey proteins in the solution g 
mcas Mass of casein micelles in the solution g 
kwp Adsorption rate of whey proteins  s-1 
kcas Adsorption rate of casein micelles s-1 
Sfall Free fat surface available for both whey proteins and casein micelles m² 
Sfres Free fat surface let by the casein micelles, due to steric effects, for whey proteins m² 
S0 Initial free fat surface m² 
swp Surface occupied by 1 g of whey proteins m² 
scas Surface occupied by 1 g of caseins m² 
Į Fraction of the adsorbed surface of a casein micelle reserved to whey proteins  
The mass evolutions of whey proteins (dmwp/dt) and casein micelles (dmcas/dt) in the solution are: 
                                         (1) 
                                             (2) 
 
Where  and   are density dependence effects for whey proteins and casein 
micelles respectively,  and  represent the limiting 
effect due to the decreasing of the free fat surface. 
 
When a casein micelle adsorbed, Sfall decreases of scas and Sfres increases of scas (see Fig. 3). When a 
whey protein adsorbed, it takes a surface swp and Sfall or Sfres decreases and it is considered that the whey 
protein adsorbed at the surface where there is the most remaining place (see Fig. 3). 
 
And the free fat surface evolutions are:  
 
                                           (3) 
                                        (4)  
       
3.2 Results 
The modelling of the formation of fat droplet interface we present in this paper is a synthesis of the 
knowledge and the validation we make of the models is firstly qualitative.  
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3.3 Deterministic approach 
For the simulations, the fixed parameters were:  
- S0=137 m² 
- Initial mass of proteins: 2,45 g 
- Į=0.4 
The parameters which have to be fitted are:   
- Casein adsorption rate: kcas 
- Whey protein adsorption rate: kWP 
- Surface occupied by 1 g of whey proteins: swp 
- Surface occupied by 1 g of caseins: scas 
For the simulations we present in this paper, we fixed kWP=1, kcas=40, swp=769 m² and scas is varied. 
The simulations are done for different ratios caseins/whey proteins and in the Fig. 4, it is represented 
the percentage of adsorbed caseins in function of the initial percentage of caseins. 
  
Fig. 4. Percentage of adsorbed caseins in function of initial percentage of caseins 
 
According to the data, we observe two dynamics; a first one that increases rapidly with an inflexion 
point and a second one that increases slowly. These both dynamics seem to be well fitted by the 
deterministic model. However, the validation that was done is a qualitative one and other experiments are 
being acquired and should allow validating the model quantitatively.      
The proposed approach is not limited to dairy dessert and can be generalised to other types of 
emulsion.  
Concerning the hypotheses of the model, some remarks can be done.  
We can neglect the electrostatic repulsion because of the presence of salt that reduces the thickness of 
the ionic double layer around proteins.  
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The contacts between proteins and fat are assumed to be the same for both whey proteins and casein 
micelles due to the high mixing of the product in the homogeniser.  
In the process of dairy dessert, the solution is not limiting in proteins. Indeed, at the end of the 
homogenisation, there are both whey proteins and casein micelles in the solution. Nevertheless, it is not 
possible to directly apply the model presented in this paper for a product limiting in proteins.  
The fact that the fat droplets have same size could be refined because their size distributions can be 
spread.  
4. Conclusion 
A mechanistic approach has been presented here but another approach of modelling will be used too to 
describe the formation of the interface of fat droplets; Monte Carlo simulations. And the both models will 
be compared. 
The model presented in this paper seems to well fit the data but is available for a heating protein 
temperature of 60°C, i.e. there is no denaturation of whey proteins (the denaturation temperature is not 
reached at 60°C) and no aggregation between whey proteins and with casein micelles. The next aim of 
our work is then to apply these two models for a heating protein temperature of 80°C.  
Moreover, it seems that the casein micelles release free caseins when they adsorb and it is not taken 
into account until now.  
Furthermore, the type of fat seems to have an impact on the adsorption of proteins at the interface. 
That is why, it seems important to consider it in the models. 
The models presented in this paper make it possible to obtain the structure of the emulsion 
(microscopic scale). Our next aim is then to link it to some properties of texture (macroscopic scale), on 
the one hand, of the emulsion but especially of the final product, i.e., the dairy dessert. For that, an expert 
model using the output of the models presented in this paper and expert knowledge will be done.   
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